Cytogenetic studies in the genus Tribolium (Poaceae: Danthonieae) I. A taxonomical overview  by Visser, Nerina C. & Spies, J.J.
S.Afr.J.Bot., 1994, 60(2): 127 - 131 127 
Cytogenetic studies in the genus Tribolium (Poaceae: Danthonieae) 
I. A taxonomical overview 
Nerina C. Visser and J.J. Spies* 
Department of Botany and Genetics, University of the Orange Free State, P.O. Box 339, Bloemfontein 9300, Republic of South Africa 
Received 18 May 1993; revised 15 December 1993 
The genus Tribolium Desv. comprises twelve species and is endemic to South Africa. The genus was formerly 
divided into two genera, i.e. Lasiochloa Kunth and Plagiochloa Adamson & Sprague. These genera are morpholo-
gically very similar. Three sections are identified within Tribolium, based on morphology, cladistics and principal 
component analysis. The proposed sections are Tribolium, Acutiflorae and Uniolae, each containing four species. 
Die genus Tribolium Desv. bestaan uit twaalf spesies en is endemies tot Suid-Afrika. Die genus was voorheen 
verdeel in twee genera, nl. Lasiochloa Kunth en Plagiochloa Adamson & Sprague. Die genera stem morfologies 
ooreen. Drie seksies is op grand van morfologiese, kladistiese en hoofkomponent analises in Tribolium geIdentifi-
seer. Drie seksies binne Tribolium word voorgestel, nl. Tribolium, Acutiflorae en Uniolae, elk met vier spesies. 
Keywords: Cladistics, morphology, Poaceae, principal component analysis, Tribolium . 
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Introduction 
The genus rribolium Desv. belongs to the tribe Danthonieae 
Zotov and comprises twelve species. The species are T. acuti-
florum (Nees) Renv., T. alternans (Nees) Renv., T. amplexum 
(Nees) Renv., T. brachystachyum (Nees) Renv., T. ci/iare 
(Stapf) Renv., T. echinatum (Thunb.) Desv., T. glomeratum 
sensu Davidse, T. hispidum (Thunb.) Desv., T. obliterum sensu 
Davidse, T. obtusifolium (Nees) Renv., T. uniolae (L.f.) Renv. 
and T. utriculosum (Nees) Renv. 
rribolium is endemic to South Africa and is restricted to the 
winter rainfall area of the Cape Province (Gibbs Russell et al. 
1990). Most species are found in disturbed habitats along road-
sides and on agricultural land (Gibbs Russell et al. 1990). 
Preliminary cytogenetic studies revealed that the genus has a 
basic chromosome number of six and polyploidy is frequently 
encountered (Spies et al. 1992). 
The aim of this study was to determine phylogenetic rela-
tionships within rribolium and between rribolium and other 
related genera from cytogenetic, embryological and morpholo-
gical evidence. Reports on this study will be presented in five 
different papers dealing with a taxonomical overview of rribo-
lium and the subdivision of the genus. The subdivisions will 
subsequently be discussed individually. Embryological studies 
of the genus will follow and the series will be concluded with a 
paper on phylogenetic relationships above genus leve( This, 
the first paper in the series, will deal with a taxonomical 
overview of the genus rribolium and the putative subdivision 
of the genus. 
Materials and Methods 
The plants used in this study were collected in the field throughout 
the distribution areas of the different Tribolium species. The speci-
mens used and their localities will be listed in the following three 
papers. Voucher herbarium specimens are housed in the Geo Potts 
Herbarium, Department of Botany and Genetics, University of the 
Orange Free State, Bloemfontein (BLFU). 
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Figure 1 Inflorescences of different rribolium species. A. T. uniolae, raceme with distichously arranged spikelets. B. T. hispidum, 
panicle. C. T. obliterum, panicle. 
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Table 1 Characters used, with their appropriate values, 
for the phylogenetic analysis 
1. Plant height: 
<200 mm = 0; 201 - 400 mm = 1; 401 - 600 mm = 2; 
>600mm = 3 
2. Annual (0) / Perennial (1) 
3. Length of leaf blades: 
<100 mm = 0; 101 - 200 mm = 1; 201 - 400 mm = 2; 
>400mm = 3 
4. Width of leaf blades: 
<0.9 mm = 0; 1 - 1.9 mm = 1; 2 - 2.9 mm = 2; >3 mm = 3 
5. Shape of the leaf tip: 
blunt = 0; acute = 1 
6. Degree of hairiness of the leaf blade: 
glabrous = 0; slightly pubescent = 1; pubescent 2; densely 
pubescent = 3 
7. Degree of hairiness of the leaf sheath: 
glabrous = 0; slightly pubescent 1; pubescent 2; densely 
pubescent = 3 
8. Degree of hairiness of the rachis: 
glabrous = 0; slightly pubescent 1; pubescent 2; densely 
pubescent = 3 
9. Degree of hairiness of the spikelet: 
glabrous = 0; slightly pubescent I; pubescent 2; densely 
pubescent = 3 
10. Degree of hairiness of the stem: 
glabrous = 0; slightly pubescent = I; pubescent = 2; densely 
pubescent = 3 
11. Inflorescence above uppermost sheath = 0; inflorescence partly 
enclosed in the uppermost sheath = 1 
12. Length of inflorescence: 
<29 mm = 0; 30 - 59 mm = I; 60 - 79 mm = 2; >80 mm = 3 
13. Length of spikelet: 
<1 mm = 0; 1 - 2 mm = I; 2 - 3 mm = 2; 3 - 4 mm = 3; 
4 - 5 mm = 4; 
5 - 6 mm = 5; 6 - 7 mm = 6; 7 - 8 mm = 7; 8 - 9 mm = 8; 
>9mm = 9 
14. Spikelets distichously arranged = 0; spikelets not distichously 
arranged = 1 
IS. Form of the trichomes on the lemma: 
blunt = 1; % blunt > % club-shaped = 2; % blunt = % club-
shaped = 3; % club-shaped> blunt = 4; only club-shaped = 5 
16. Length qf the trichomes on the lemma: 
<0.9 mm = 0; 0.9 - 1.9 mm = 1; 2.0 - 2.9 mm = 2 
17. Stolons present: 
yes = 0; no = 1 
18. Rhizomes present: 
yes = 0; no = 1 
19. Plant habit: 
prostrate = 0; tufted = 1 
20. Length of the anthers: 
<0.5 mm 0; >0.6 mm = 1 
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Clumes from herbarium specimens were studied with a Ieol 
Winsem ISM-6400 scanning electron microscope (SEM). The 
glumes were detached from the herbarium specimens, directly 
mounted on stubs and covered with carbon-gold. The structure of 
the trichomes on the glumes was studied and photographed with a 
Nikon F301 35 mm camera. 
A cladistical analysis, based on averages determined for each 
species from 227 representative specimens of all species, was 
calculated with the Hennig-86 (version 1.5) computer program. 
Thus, phylogenies were determined under the principle of maxi-
mum parsimony (Farris 1988), with Prionanthium ecklonii (Nees) 
Stapf being used as the outgroup. Twenty morphological charac-
ters of each individual specimen were measured (Table 1). A 
principal components analysis on the same data was obtained from 
a statistical program, Statistica. 
Results 
The morphological characters of the different species vary to a 
great extent. The differences between the species are sununar-
ized in Table 2. The inflorescences are dense racemes and the 
spikelets are distichously arranged (Figure I A) in some species 
(T. amplexum, T. alternans, T. brachystachyum and T. uniolae) 
whereas the dense panicles are not distichously arranged 
(Figures 1 B & 1 C) in others (T. ciliare, T. echinatum, T. 
glomeratum, T. hispidum, T. obliterum, T. obtusifolium and T. 
utriculosum) (Table 2). 
The glumes of T. acutiflorum, T. glomeratum, T. obliterum 
and T. uniolae specimens are glabrous and possess only a 
small fringe of trichomes on the lower margins of the lemma. 
Tribolium brachystachyum, T. ciliare, T. echinatum, T. hispi-
dum, T. uniolae and T. utriculosum possess two types of 
trichomes on the spikelet, namely, long trichomes on the 
glumes and a smaller fringe of trichomes on the lemma. The 
trichomes on the glumes of T. ciliare (Figure 2A), T. 
echinatum (Figure 2B) and T. hispidum (Figure 2C) are long, 
glassy, tubercle-based and acute. The trichomes on the glumes 
of T. brachystachyum (Figure 2D) and T. uniolae (Figure 2E) 
are long, glassy, not tubercle-based and taper off apically. 
Different types of trichomes are present in T. utriculosum. 
These trichomes vary from short, glassy and tuberculate, as 
well as apically rounded, to sack-like structures (Figures 2F -
.2H). 
The shape of the smaller trichomes on the lower margins of 
the lemma differs between the various species. Tribolium 
acutiflorum, T. brachystachyum and T. uniolae have club-
shaped trichomes (Figure 3A), whereas the trichomes of T. 
ciliare, T. echinatum, T. glomeratum, T. hispidum and T. 
obliterum are not club-shaped (Figures 3B & 3C). 
A cladogram, based on morphological data (Table 3), was 
determined for Tribolium. The cladogram was constructed in 
44 steps, with a consistency index of 56 and a retention index 
Table 2 Morphological comparison between the different Tribolium species 
Annual Arrangement of No. of florets / 
perennial Habit Stoloniferous Plant hei ght Inflorescence spikelets spikelet 
T. acutiflorum Perennial Prostrate to tufted Occasionally 100 - 300 mm Panicle Not distichous 3-6 
T. altenums Perennial Tufted No 200 -700 mm Raceme Distichous 4-9 
T. amplexum Perennial Tufted No 200 -700 mm Raceme Distichous 4-9 
T. brachystachyum Perennial Prostrate to tufted No 100 - 300 mm Raceme Distichous 4-9 
T. ciliare Annual Tufted No 10 - 100 mm Panicle Not distichous (2) - 3 - (4) 
T. echinatum Annual Prostrate to tufted No 10 - 250 mm Panicle Not distichous (2) - 3 - (4) 
T. glomeratum Perennial Prostrate to tufted Yes 100 - 350 mm Panicle Not distichous 3-6 
T. hispidum Perennial Tufted No 10 - 400 rnrn Panicle Not distichous (2) - 3 - (4) 
T. obliterum Perennial Prostrate to tufted Yes 100 - 350 mm Panicle Not distichous 3-6 
T. obtusifolium Perennial Prostrate to tufted Yes 10 - 250 mm Panicle Not distichous 3-6 
T. uniolae Perennial Tufted No 100 - 600 mm Raceme Distichous 4-9 
T. utriculosum Annual Tufted No 10 -100 mm Panicle Not distichous (2) - 3 - (4) 
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Figure 2 Electron microscope photos of the trichomes on the glumes of some Tribolium species. A. T. ciliare (Spies 4630), trichomes 
long, glassy and tubercle-based. B. T. echinalum (Spies 4996), trichomes long, glassy and tubercle-based. C. T. hispidum (Spies 4615), 
trichomes long, glassy and tubercle-based. D. T. brachyslachyum (Spies 4611), trichomes on the glumes. E. T. uniolae (Spies 5011), 
trichomes on the glumes. F. T. utriculosum (Spies 4275), trichomes apically blunt and rounded. G. T. utriculosum (Spies 4275), two types 
of trichomes: trichomes on lemma (narrow) club-shaped, trichomes on glumes (broad) apically blunt and rounded. H. T. ulriculosum 
(Spies 4275), trichomes long, glassy, tubercle-based. Bar = 100 f-lm. 
of 71. Due to the branch-swapping option of the program, 
thirteen cladograms were obtained. All the cladograms divide 
Tribolium into two monophyletic groups (Figure 4). The first 
group consists of T. ac U1iflo rum, T. glomeralum, T. oblilerum 
and T. oblusifolium, whereas the rest of the species are 
included in the second group. 
The principal components analysis indicates the presence of 
three different groups, with T. acutiflorum, T. glomeratum, T. 
obliterum and T. obtusifolium making up one of the groups, T. 
ciliare, T. echinatum, T. hispidum and T. utriculosum a second 
group and T. alternans, T. amplexum, T. brachystachyum and 
T. uniolae a third group (Figure 5). 
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Figure 3 Electron microscope photos of the trichomes on the lemma of some rribolium species. A. r. acutiflorum (Spies 4618), 
trichomes on the lemma are club-shaped. B. r. obliterum (Spies 4511), blunt-shaped trichomes on the lemma. C. r. glomeratum (Spies 
4614), blunt-shaped trichomes on the lemmas. Bar = 100 f.Lm. 
Table 3 List of average values used 
during the cladistical analysis of each 
species. The values are presented in the 
same order as in Table 1 
rribolium acutiflorum 01010001001241030010 
T. alternans 21311112201470030111 
T. amplexum 21322010001460031111 
T. brachystachyum 11111332200250051110 
T. ciliare 00001000200121011111 
T. ecmnatum 10211110301341011111 
T. glomeratum 01010001101141010010 
T. mspidum 11311100300231011111 
T. obliterum 01011001001241010101 
T. obtusifolium 01011001100231010010 
T. uniolae 31311211100360021111 
T. utriculosum 00111100300221031111 
Prionanthium ecklonii 00011100100751110111 
Prionanthium ecklonii f Tribolium glomeratum lOT. obtusifolium ~ T. acutiflorum 
9~ T. obliterum 
( 
T. ciliare 
o rr=8 T. hispidum 
t6~ T. echinatum 8 2 T. utriculosum 7[ t T. brachystachyum 
5 (T . al ternans 
4 rr=8 T. amplexum 
3~1 T. uniolae 
Figure 4 Cladograrn of different rribolium species. 
Discussion 
The genus Tribolium was formerly regarded as two separate 
genera, i.e. Lasiochloa Kunth and Plagiochloa Adamson & 
Sprague (Renvoize 1985). The former genus Lasiochloa con-
sisted of L. echinata (Thunb.) Adamson [= T. echinatum 
(Thunb.) Desv.], L. longifolia (Schrad.) Kunth [= T. hispidum 
(Thunb.) Desv.], L. obtusifolia Nees [= T. obtusifolium (Nees) 
Renv.] and L. utriculosa Nees [= T. utriculosum (Nees) Renv.]. 
The former genus Plagiochloa consisted of P. acutiflora 
(Nees) Adamson & Sprague [= T. acutiflorum (Nees) Renv.], 
P. alternans (Nees) Adamson & Sprague [= T. alternans 
(Nees) Renv.], P. brachystachya (Nees) Adamson & Sprague 
[= T. brachystachyum (Nees) Renv.], P. ciliaris (Stapf) 
Adamson & Sprague [= T. ciliare (Stapf) Renv.], P. oblitera 
(Hems!.) Adamson & Sprague [= T. obliterum sensu Davidse] 
and P. uniolae (L.f.) Adamson & Sprague [= T. uniolae (L.f.) 
Renv.]. 
Several of these species were originally included under 
Desmazeria Dumort., a mediterranean genus in the sub-family 
Pooideae Brown. Stapf regarded the South African plants as 
different and segregated them under the genus Brizopyrum 
Stapf (Stapf 1900). Therefore, a new name was required for the 
South African species. This was provided by Adamson & 
Sprague (1941), who described the genus Plagiochloa. The 
genus was, however, not easily distinguishable from the genus 
Lasiochloa. The two genera merged morphologically and were, 
therefore, combined in the genus Tribolium(Renvoize 1985). 
The principal components analysis indicated three different 
groups within Tribolium (Figure 5). The first group consists of 
the species T. ciliare, T. echinatum, T. hispidum and T. 
utriculosum. These species are annual, with the exception of a 
perennial species, T. hispidum. The species of this group grow 
prostrate to tufted. The leaves have ligules of hairs. The inflo-
rescence is a dense panicle. The spikelets are very pubescent 
and are not distichously arranged on the rachis. The spikelets 
are shortly stalked, erect and compressed, with 2 - 4 (usually 
3) florets per spikelet. The glumes are firm and densely pubes-
cent with long, glassy, tuberculate trichomes. These trichomes 
taper off apically. Only T. utriculosum has short, glassy, 
tuberculate, apically blunt and rounded trichomes. The lemmas 
are glabrous, except for a fringe of acicular trichomes on the 
lower margins. 
Group 1, provisionally called section Tribolium, corresponds 
to the former genus Lasiochloa, with two exceptions, i.e. T. 
ciliare and T. obtusifolium. The trichomes on the glumes of T. 
ciliare (previously Plagiochloa) are similar in shape to those 
described for section Tribolium. In contrast, the trichomes on 
the glumes of T. obtusifolium (previously Lasiochloa) are not 
tubercle-based and resemble those of the species in the former 
genus Plagiochloa. The inclusion of T. ciliare in, and the 
exclusion of T. obtusifolium from, the section Tribolium leave 











Figure 5 Principal components analysis of different Tribolium 
species. A. Factor 1 vs. 2. B. Factor 1 vs . 3. C. Factor 2 vs. 3. 
The second group consists of the species T. aiternans, T. 
amplexum, T. brachystachyum and T. uniolae. The species in 
this group, provisionally called section Uniolae, are perennial 
and are mostly tufted plants. The inflorescences form a dense 
raceme which is often branched at the base. The racemes of T. 
alternans and T. amplexum are partly enclosed by the 
uppermost leaves, whereas for T. brachystachyum and T. 
uniolae, they are exserted. The racemes have distichously 
arranged spikelets (Figure lA) with between four and nine 
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florets per spikelet and mostly glabrous glumes, excepting for 
T. alternans, T. brachystachyum and some T. uniolae speci-
mens. The trichomes on the glumes are glassy and tuberculate. 
The lower half of the lemmas are pubescent with club-shaped 
trichomes. 
The third group, provisionally called section Acutiflorae, 
consists of T. acutiflorum, T. glomeratum, T. obliterum and T. 
obtusifolium. These species are perennial and mostly stoloni-
ferous, except for T. acutiflorum. This species grows prostrate 
to tufted. The panicle is dense and spike-like and is often 
partly enclosed in the uppermost leaf. The spike1ets are not-
distichous and have 3 - 6 florets per spikelet. The glumes are 
glabrous, except for T. obtusifolium, which is slightly 
pubescent. The lemma keels and margins are pubescent with 
club-shaped trichomes. 
Specimens belonging to the three different sections can be 
separated as shown in the following key: 
1. Inflorescence a dense raceme, florets distichously arranged 
on spikelet ................................................................ Uniolae 
Inflorescence a dense panicle, florets not distichously 
arranged on spikelet .............................. .............. .... ............ 2 
2. Trichomes on lemma club-shaped, 3 - 6 florets per spike-
let ..................... ........................... ..................... ... Acutiflorae 
Trichomes on lemma not club-shaped, (2 -) 3 (- 4) florets 
per spikelet ......... ............ ....................................... Tribolium 
Conclusions 
The morphological investigation of Tribolium suggests that the 
genus may be subdivided into three sections, namely, proposed 
sections Tribolium, Acutiflorae and Uniolae. The section 
Tribolium (with T. hispidum as type species) should include all 
the species of the former genus Lasiochloa (Tribolium echina-
tum, T. hispidum and T. utriculosum), with the exception of T. 
obtusifolium, and should include T. ciliare. The section 
Acutiflorae (based on T. acutiflorum) should be made up of T. 
acutiflorum, T. glomeratum, T. obliterum and T. obtusifolium. 
The last proposed section Uniolae (based on T. uniolae) should 
include T. alternans, T. amplexum, T. brachystachyum and T. 
uniolae. A taxonomical study of the type specimens of each 
species will determine the validity of these proposals. 
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